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Abstract: Conical and pyramidal emitters are two generic field鄄emitter structures. Due to specific
advantages of field emission, both emitters are widely employed to produce electron beams. The main
focus of this paper is to analyze the electrical characteristics of both emitters, and further, to highlight the
key criteria in optimizing the structures. For this purpose, three鄄dimensional models were implemented
and finite鄄element analysis was used to investigate the influences of emitter geometries, including shape
of emitter, emitter radius of curvature, emitter鄄anode distance and emitter height, on its electric field
distribution and strength. The results indicate that reducing tip radius of curvature and shorting the
emitter鄄anode distance are effective ways to increase the field strength enhancement, while a proper ratio
of the emitter height to the emitter鄄anode distance is also an important factor. In addition, in
consideration of both electric field distribution and strength, the conical emitter is suitable for high鄄
resolution, large current鄄density applications, whereas the pyramidal emitter has better pressure sensitivity.
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摘 要： 场致电子发射具有高效、响应快等优点，有着广泛的应用前景。 锥形和金字塔形尖端是两种
常见的场发射尖端结构。主要分析了这两种尖端结构的场发射电学特性，并在此基础上提出了进一步
实现结构优化的途径。 为此，建立了两种尖端的三维模型，并利用有限元法深入讨论了结构尺寸，包
括尖端曲率半径、尖端与阳极间距以及尖端高度对电场分布以及电场强度的影响。 结果表明，减小尖
端曲率半径、缩短尖端与阳极间距、以及选择适当的锥体高度是优化尖端场致电子发射性能的三个重
要途径。在综合考虑电场分布以及电场强度的情况下，可以发现锥形尖端更有利于产生高密度小束径
的低能电子束，而金字塔形尖端则更适用于高压力灵敏度的应用需求。
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0 Introduction

Vacuum microelectronic technology is becoming
increasingly important in research and everyday life [1].
The relatively fast response, wide temperature
operation, and low power consumption of field
emission makes the field emitter an ideal electron
source, and a potentially useful structure for numerous
applications[2-5]. These devices based on field emission
are typically made by micromachining techniques [4-7].
Two generic emitter structures are obtained: conical
and pyramidal structures. Some simulations on field
emitters, with the intention to enhance electron
emission characteristics, have been reported[8-11]. While
most of them were concerned with conical emitter[8-10],
the works mentioning two emitters mainly focused on
the influences of tip radius[11]. Considering the geometric
design parameters not only are essential to device
design, but also greatly affect field emission; it is
important to discuss the effects of practical variations
in geometry on electrical characteristics of conical and
pyramidal emitters. In this article, the 3D models of
two emitters are firstly generated based on their
structures. The simulations are then performed. From
the analysis, emphasis has been put on understanding
the difference of the electric field distribution and the
effects of emitter geometries on the electric field
strength between these two emitters, and the
optimization of each emitter was also discussed.

1 Emitter models

The field鄄emission simulations were carried out
in the models shown in Fig.1. The main geometric
design parameters being considered in our models are
the emitter radius of curvature r, emitter鄄anode distance
d, and emitter height h. For the simulations, the
conical emitter was considered as an isotropic profile
and its tip was approximated by a hemisphere; the
half鄄angle θ of the pyramidal emitter was set to 54.7° ,
which is the result of anisotropic etching of silicon.

Fig.1 Models of conical emitter and pyramidal emitter

The vacuum region between the anode and
emitter is meshed by 3 -D 10 -node tetrahedral
electrostatic element, and a high density of mesh
elements is introduced near the tips to achieve suitable
credibility, as shown in Fig.2.

Fig.2 Mesh of the vacuum region between the anode and conical

emitter, pyramidal emitter

If we neglect the space鄄charge effect in the
vacuum region between the anode and emitter, the
potential obeys the Laplace equation:

荦2V=0 (1)
V|n=Vf (2)

Where V is the electric potential, n denotes the
boundary, and Vf is the boundary value.

Once the potential and field strength are obtained,
the current density of field emission can be calculated
according to the Fowler鄄Nordheim equation[12]:

J(E)= AE2

准t2(y) exp
B准

3
2 v(y)
E

E # (3)

Where E is the electric field strength, 准 is the work

function, and y=3.79×10 -4E
1
2 准 -1, A=1.54×10 -6, B=

6.86×107, t2(y)≈1.1, and v(y)=0.95-y2.

2 Simulation results and discussion

Numerical simu lations were carried out as
variables of r, d, and h. The emphasis of our
investigation is to compare the difference between
these two emitters and to identify the structural
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parameters that possibly enhance the electric field
strength.
2.1 Electric field distribution

Regarding the simulations of field emitters, r is
40 nm, d is 1 μm, h is 5 μm, and V0 is 100 V. The
results of the electric field distribution are shown in
Fig.3. It can be seen that the electric field strength at
the tip of both emitters is sharply increased. This can
be attributed to the tip effect. As demonstrated in
Fig.4, the equipotential lines in the vacuum space of
both emitters are obviously concentrated over the tip

Fig.3 Spatial electric field distribution of conical emitter and

pyramidal emitter with r=40 nm, h=5 μm, d=1 μm,

V0=100 V

Fig.4 Profile of equipotential lines of conical emitter and

pyramidal emitter

top, and the relative spatial electric f ield strength can
be determined by differentiating the potential. As a
result, the strongest electric field strength occurs at the
tip top of the field emitters. In addition, it can be also
seen from Fig.3 that the electric field distribution of
the pyramidal emitter is not the same as that of the
conical emitter. This may be caused by the difference
of structure geometry of field emitters. The pyramidal
emitter has four wedges along its height, and the
neighboring potential is strongly affected by this
geometry. The electric field strength was highly
localized at the wedges, but also, the maximum electric
field strength at the tip became lower than that in the
conical case as a result of wedge field influence.

The effective emitter area will increase with
higher applied voltage, and if the applied voltage is
high enough, the wedges of the pyramidal emitter will
contribute to the electric emission, so that the
effective emission area will be greatly increased.
Therefore, it is clear that the conical emitter is more
suitable for some field鄄emission applications that
require precision, such as flat鄄panel displays and
nanolithography, because the emitters for these
applications must have small beam size and high
current density.
2.2 Electric field strength
2.2.1 Dependence on emitter radius of curvature r

Simulations were performed on the case of h=5 μm,
d=1μm, V0=100V, and r varying from 0.01 to 0.1μm.
The simulation results are shown in Fig.5. For both
emitters, the electric field strength at the tip is
increased as r reduces. And the field strength follows

a functional form that approximates e
- r
a , where α�

depends on the structure parameters. This result is in
good agreement with the earlier simulations of Mologni
et al[11]. This phenomenon can be easily understood by
the fact that the sharper the tip, the denser the
equipotential lines over the tip, and hence, the
stronger the field strength. For comparison, a tip electric
field strength plot with 200 V of applied voltage is
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also shown in Fig.5. It is obvious that the variation
trend of the field strength with r is independent of
applied voltage, although the field strength is
increased compared to the case with 100 V.

Fig.5 Effect of tip radius of curvature on the tip electric field

strength for conical and pyramidal emitters with

h=5 μm, d=1 μm

2.2.2 Dependence on emitter鄄anode distance d
Considering the emitters with parameters of h =

5 μm, r=40 nm, V0=100 V, and d varying from 0.04
to 8 μm, simulations were carried out, and the results
are shown in Fig.6. For the case of d >>r , only a
small increment of the electric field strength E is
observed for both emitters with shortening the d,
which implies that r is the main factor that affects
field strength. As d reduces, r and d become
comparable. The effect of d on E begins to appear for
both emitters, and the slope of the E-d plots becomes
abrupt. This is because the equipotential lines become
much denser between the anode and tip top of
emitters as d is greatly shortened. Therefore, E over
the tip top is enhanced. For the case of d<<r, the arc
tip of the emitters with small d looks more like a
plate rather than a tip, which makes both emitters
behave like parallel鄄plate capacitors. As a result, E of
both emitters tends to become close to each other
when d is sufficiently reduced. Obviously, d instead
of r becomes the main factor that then affects E. A
much more general change trend of E with d is
shown in Fig.7, where the variable of d is replaced
by d/r. An interesting result is obtained, where the
critical value of d causing obvious enhancement in E

is about 10 times larger than r, i.e., d/r ~10. This
value is independent of the emitter shape and radius
of curvature for both emitters.

Fig.6 Effect of emitter鄄anode distance on the tip electric field

strength for conical and pyramidal emitters with

h=5 μm, r=40 nm, V0=100 V

Fig.7 Tip electric field strength vs d/r plots for conical and

pyramidal emitters with h=5 μm, V0=100 V

As mentioned above, there exists an interaction
between the wedge field and tip top field for the
pyramidal emitter. With the decrease of d, this
interaction is weakened because the field at the tip top
is more localized. Thus, it can be said that the
increase in E of the pyramidal emitter with small d is
not only due to the decreased electrode spacing, but
also to the weakened crosstalk of the wedge field. A
small difference of E can result in a large current
density difference because of the exponential
characteristic of the Fowler鄄Nordheim relationship.
Therefore, the pyramidal emitter has a stronger
emitter鄄anode distance dependence of the tip top field
than that of the conical emitter.

A potential application of field emission is in
pressure sensors, which must have high sensitivity.
Based on the above simulation result, an appropriate
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initialization of emitter鄄anode distance seems to be an
important factor for improving the performance of
pressure sensors, and the pyramidal emitter is an
optimal choice for sensor applications with high
sensitivity.
2.2.3 Dependence on emitter height h

The height of field emitters can be modulated in
several ways, such as deposition method, oxidation
condition, and etching control. Simulations were made
to evaluate the effect of emitter height on electric
field strength by using the same structure mentioned
above. In this case, the parameters of emitter radius of
curvature, emitter鄄anode distance, and applied voltage
were kept constant(r=40 nm, d=1 μm, V0=100 V), and
the emitter height was varied from 0.5 to 7 μm.

As shown in Fig.8, the increase in the emitter
height does not result in an obvious increase in field
strength of both emitters when the emitter height h is
larger than the emitter鄄anode distance d, i.e., 1 μm.

Fig.8 Effect of emitter height on the tip electric field strength for

conical and pyramidal emitters with r=40 nm, d=1 μm,

V0=100 V

For example, as the ratio of h/d is enlarged from 1 to
7, the increment of the field strength is only 28% and
4.8% for the conical emitter and pyramidal emitter,
respectively. When the ratio of h/d falls below 1, the
field strength of the conical and pyramidal emitters
decreases steeply with the decrease in h. Furthermore,
as h becomes short enough, the field strength is
independent of the emitter shape. This result may be
due to the effect of a very uniform distribution of the
vacuum potential. As shown in Fig.9, the vacuum

potential is less disturbed by the short emitter
compared to the high ones. A relative uniform
potential distribution is observed for the short emitter,
and the equipotential lines are much closer to those of
parallel鄄plate capacitors. Thus, the tip effect is
evidently weakened.

Fig.9 Equipotential lines of conical emitter where r=40 nm,

d=1 μm, V0=100 V

Figure10 shows a better field strength comparison
of conical and pyramidal emitters. In this plot, the
strength difference of two emitters is evident and the
curved surface displays the relationship between the
structural geometries and the electric field strength.
Obviously, reducing tip radius of curvature, shorting
the emitter鄄anode distance, and increasing emitter
height will all increase strength increments; however,
the optimization emitter parameters should also
consider the technological factors.

Fig.10 Electric field strength of conical and pyramidal emitters

with various geometries for 100 V bias
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3 Conclusion

In this paper, three鄄dimensional finite鄄element
analysis is performed on both conical and pyramidal
emitters. Simulation results reveal that the electric
field strength of both emitters shows a great
dependence on the structure parameters. There are two
effective ways to increase the field strength, i.e.,
reducing tip radius of curvature r and shorting the
emitter鄄anode distance d. For the case of d/r>10, the
main effect on the field strength is r, whereas d
becomes the dominant factor when d/r <10. In
addition, a proper ratio of the emitter height to the
emitter鄄anode distance(h>d) is also important for field
strength enhancement. The wedge field influence of
the pyramidal emitter makes it has weaker field
strength than that of the conical emitter, so conical
emitter is more suitable for higher鄄resolution application.
The field鄄strength variation rate with respect to the
emitter鄄anode distance for the pyramidal emitter is
higher than that of the conical emitter when d/r<10,
indicating a potential application of pyramidal emitters
for sensors due to its better pressure sensitivity.
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